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(54) Method of initialising cells In an AC plasma display panel 



(57) A method for driving a plasma display panel in- 
cludes carrying out an erase address operation when a 
display on the screen is renewed. The erase address 
operation includes the steps of carrying out an address 
preparation operation for producing the wall charge in 
all the discharge cells through a first step of generating 



a discharge only in a discharge cell in an ON-state and 
a second step of generating a discharge only in a dis- 
charge cell in an OFF-state. and carrying out an opera- 
tion for selectively erasing the wall charge in a discharge 
cell other than a discharge cell corresponding to data of 
the image to be displayed. 
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D scription 

The present invention relates to methods of driving 
plasma display panels (PDPs), which may be used as 
display terminals for television sets and computers, and 
to PDPs adapted to be driven by such methods. 

In recent years, the PDPs have been attracting 
much attention as large-sized flat displays capable of 
TV display in full color as their upslzing and adaptation 
to color display have been in progress. The PDPs are 
thought to be potential wall-mountable TV displays. For 
realizing such large-sized wall-mountable television dis- 
plays, the PDPs are required to be further upsized. to 
provide images with higher definition, and also to exhibit 
a long-term stability in operation. 

In general, AC-driven and DC-driven PDPs are 
known. The AC-driven PDPs are poorer in contrast and 
gradation compared with the DC-driven PDPs. Howev- 
er, the AC-driven PDPs have the advantages of a sim- 
pler structure, ability to generate images with higher def- 
inition, higher luminance and so on. 

The PDPs are also classified into a surface dis- 
charge type and an opposition discharge type on the ba- 
sis of the structure of electrodes. In the opposition dis- 
charge PDPs, a layer of a fluorescent material is formed 
directly on a discharge surface. For this reason, the op- 
position discharge PDPs have some disadvantages: 
They lack stability in operation; the fluorescent layer de- 
teriorates in a short time due to ion impact during dis- 
charges and thereby the luminance drops, and the like. 
In the surface discharge type PDPs which are intended 
to eliminate these problems, electrodes for generating 
surface discharges are formed on a substrate and a flu- 
orescent layer is fonmed on another substrate whereby 
the deterioration of the fluorescent layer can be prevent- 
ed and a stable discharge characteristic can be ob- 
tained. , 

Among such PDPs. a surface discharge PDP hav- 
ing three kinds of electrodes is known as a typical AC- 
driven surface discharge PDP The conventional PDP is 
now explained with the three-electrode surface dis- 
charge PDP as an example. 

The three-electrode AC surface discharge PDP in- 
cludes a panel having two glass substrates between 
which pixels, which are also referred to as 'cells* or "dis- 
charge cells/ are arranged in matrix. The pixel is de- 
fined by a pair of parallel sustain electrodes, whrch are 
also referred to as 'display electrodes" or "main elec- 
trodes," covered with a dielectric layer and an address 
electrode, whk;h is also referred to as a "select elec- 
trode" intersecting the sustain electrodes. 

For driving the three-electrode AC surface dis- 
charge PDP, a time period for displaying one image is 
separated into an address period and a sustain p riod. 
This time period for display one image is referred to as 
a frame, a field if a frame consists of a plurality of fields, 
or a sub-field if a field consists of a plurality of sub-fields, 
and here referred to simply as a sub-field. The address 



period and the sustain period are each synchronous ail 
over a screen. In the address period, an address dis- 
charge is generated to produce wall charge only on the 
sustain electrodes of specific cells. In the sustain period. 

5 a sustain discharge which is also referred to as display 
discharge is generated across the sustain electrodes on 
which the wall charge have been produced. In the ad- 
dress period, cells are selected by the address dis- 
charge across the select electrode and one of the sus- 

^0 tain electrodes, and in the sustain period, the sustain 
discharge is generated across the sustain electrodes in 
the selected cells to display an image. 

In such driving of the PDP, the addressing of spe- 
cific cells is performed by a write address method or by 

^5 an erase address method. 

In the write address method, alt cells on a screen 
are reset, that is, a "0" is written, at the beginning of each 
sub-field, then the address discharge is carried out only 
in selected ceils, i.e., display cells, in the address period, 

20 and then the sustain discharge is carried put in the se- 
lected cells in the sustain period. In other words, at the 
beginning of each sub-field, all cells are initialized so 
that residual charge therein are reduced to zero. (To put 
it more precisely, a reset operation is perfomied to light 

25 all the cells to produce charge and then immediately 
erase the built-up charge.) Then the address discharge 
is generated only in the selected cells to produce wall 
charge therein, and then in the sustain period, the wall 
charge in the selected cells is nnaintained. This address 

30 discharge is called write address discharge. 

On the other hand, in the erase address method, alt 
cells are made to emit light, that is, a "1" is written, at 
the beginning of each sub-field, then the address dis- 
charge is carried out only in non-selected cells, i.e., cells 

^5 not to be lighted for display, in the address period^ and 
then the sustain discharge is generated in the selected 
cells in the sustain period. In other words, at the begin- 
ning of each sub-field, the wall charge is produced in all 
the cells, then the wall charge only in the non-selected 

^0 cells is removed by the address discharge, which is 
called an erase address discharge, and then in the sus- 
tain period, the wall charge of the selected cells is main- 
tained. 

A three-electrode AC surface discharge PDP using 
the write address method is disclosed in Japanese Un- 
examined Patent Publication No. HEI 7(1995)-160218. 

Three-electrode AC surface discharge PDPs using 
the erase address method are disclosed in Japanese 
Unexamined Patent Publication Nos. SHO 60(1985)- 
50 196797. SHO 61(1936)-39341. and HEI 8(1996)- 
101665. 

In the above -described write address method, the 
residual charge produced in the sustain period of the 
immediately preceding sub-field is initialized and then 
55 the write address discharge is carried out. Accordingly, 
a priming effect of discharge cannot be utilized, and 
therefore a high writing voltage is required. Further, 
since the probability of discharge drops, a writing pulse 
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must be lengthened. For this reason, there is a limit to 
high-speed drive for high-definition display. Further, a 
driver of high voltage resistance is needed, which raises 
production costs. 

On the other hand, in the erase address method, 
since all the ceils are made to emit light at the beginning 
of each sub-field, the contrast is somewhat poorer com- 
pared with the write address method. However, as mer- 
its outweighing this disadvantage, it is known that the 
priming effect of the wall charge can be utilized. There- 
fore, the address period can be shortened and a high- 
speed drive can be realized. 

However, practical-use PDPs using the erase ad- 
dress method have not been positively developed solar 
for the following reasons. Even though a uniform voltage 
is applied to all the sustain electrodes, the discharge 
easily occurs in some cells, and hardly occurs in other 
cells. Due to such various voltage characteristics of the 
celts, it is difficult to produce wall charge uniformly in all 
the cells. Also the cells varies in thermal characteristics 
in producing the wall charge. 

According to a first aspect of the present invention 
there is provided a method for driving a POP employing 
the erase address method including producing uniform 
wall charge in all cells before the address discharge by 
optimizing the production of charge whereby a high- 
speed, stable drive can be produced. 

The inventors of the present invention have focused 
attention on the erase address method utilizing the prim- 
ing effect of space charge and wall charge positively, in 
order to cope with the defects of the write address meth- 
od. Though the erase address method has convention- 
ally been sidestepped because it cannot produce wall 
charge uniformly In the cells of a panel which are differ- 
ent in discharge characteristics, the inventors have suc- 
ceeded in producing uniform wall charge in the cells by 
utilizing a self^erase discharge or gently curved wave- 
forms In consideration of balances among the elec- 
trodes of the three-electrode surface discharge POP. By 
use of the space charge and wall charge, there can be 
provided a method for driving a POP employing the 
erase addressing, according to which the PDF can be 
driven stably at a high speed and at low voltages. 

According to a second aspect of the present inven- 
tion there is provided a method for driving a plasma dis- 
play panel provided with a screen for displaying an Im- 
age, the screen Including a plurality of discharge cells 
having a memory function by means of wall charge, 
which comprises carrying out an erase address opera- 
tion according to data of an image to be displayed when 
a display on the screen is renewed wherein the erase 
address operation comprises the steps of carrying out 
an address preparation operation for producing the wall 
charge in all the discharge cells through a first step of 
generating a discharge only in a discharge cell in an ON- 
state in which a discharge is sustained on the screen 
before the renewal, so as to reverse the polarity of wait 
charge therein, and a second step of generating a dis- 



charge only in a discharge cell in an OFF-state which is 
other than the ON-stale discharge cell, so as to produce 
wall charge of the same polarity as that in the ON-state 
discharge cell: and carrying out an operation for selec- 
5 tively erasing the wall charge in a discharge cell other 
than a discharge cell corresponding to the data of the 
image to be displayed. 

Uniform charge can be produced in all pixels com- 
posing a screen or a block within a screen, and then the 
charge can be removed from pixels which are not nec- 
essary for display by a erase address discharge. There- 
fore, in the address discharge, the priming effect of the 
charge can positively be utilized and thereby a stable 
drive at low voltages can be realized. In addition to that, 
time necessary for the address discharge can be re- 
duced and as a resutt, a high-speed drive can be real- 
ized. 

It is thus possible to improve the reliability of the in- 
itialization to charge an entire screen uniformly. 

it is thus possible to prevent mis-lighting in the sus- 
tain period so as to realize high-quality display free of 
flicker. 

For a better understanding of the invention, and to 
show how the same may be carried into effect, reference 
will now be made, by way of example, to the accompa- 
nying drawings, in which:- 

Fig. 1 is a diagram illustrating the structure of a plas- 
ma display; 

Fig 2 is a perspective view illustrating the innercon- 
struction of a PDP; 

Fig. 3 is a diagram explaining an exemplary ar- 
rangement of electrodes of the three-electrode AC 
surface discharge PDP; 
Fig. 4 illustrates an ADS sub-field method; 
Fig. 5 illustrates exemplary waveforms of voltage 
pulses applied to electrodes by the erase address 
method; 

Fig. 6 illustrates light-emission pulses when voltage 
pulses are applied and the timing thereof; 
Fig. 7 illustrates models of electric charge when 
voltage pulses are applied; 
Fig. 8 illustrates another example of wavefonms of 
applied voltage pulses in the case of a writing pulse 
of gently curved waveform; 
Fig. 9 illustrates another example of waveforms of 
voltage pulses in the case where only pulses of pos- 
itive polarity are applied as writing pulses; 
Fig. 10 illustrate another example of waveforms of 
voltage pulses in the case v/here pulses of positive 
polarity and of negative polarity are applied as writ- 
ing pulses and timing of the writing pulses and a 
charge producing pulse; 

Fig. 11 illustrates timing of a writing pulse and a 
charge-producing pulse when a voltage pulse of 2 
X Vs is applied as a writing pulse: 
Fig. 12 illustrates charge-producing pulses applied 
to sustain electrodes X and Y and a measured light- 
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emitting pulse; 

Fig. 13 illustrates an exannple wherein a writing 
pulse of positive polarity has a gently curved wave- 
form: 

Fig. 14 illustrates an example wherein a writing 
pulse of negative polarity has a gently curved wave- 
form; 

Fig. 15 illustrates an example wherein writing puls- 
es of positive and negative polarities have gently 
curved waveforms; 

Fig. 16 is a schematic view outlining a frame struc- 
ture and a drive sequence in accordance with Sec- 
ond Embodiment; 

Fig. 17 shows exemplary voltage waveforms illus- 
trating basic conception about initialization in ac- 
cordance with Second Embodiment of the present 
invention: 

Fig. 18 shows voltage waveforms in accordance 
with Example i of Second Embodiment of the 
present invention; 

Fig. 19 shows voltage waveforms in accordance 
with Example 2 of Second Embodiment of the 
present invention; 

Fig. 20 shows voltage waveforms in accordance 
with an modified Example 2 of Second Embodiment 
of the present invention; 

Fig. 21 shows voltage waveforms in accordance 
with Example 3 of Second Embodiment of the 
present invention; 

Fig. 22 shows voltage waveforms in accordance 
with Example 4 of Second Embodiment of the 
present invention: 

Fig. 23 is a schematic view outlining a frame struc- 
ture and a drive sequence in accordance with Third 
Embodiment of the present invention; 
Fig. 24A and 24B show voltage waveforms for driv- 
ing during a sustain period TS in accordance with 
other examples of Third Embodiment. 

In the PDP. an electrically conductive transparent 
film may be used for the sustain electrodes. For the ad- 
dress electrodes, an electrically conductive metal film 
such as Cr/Cu/Cr may be used. 

In the first step of generating a discharge only in the 
ON-state discharge cell, a voltage higher than a sustain 
voltage for sustaining a discharge may be applied to alt 
the discharge cells. 

In this case, the voltage applied in the first step may 
be a step-wave voltage pulse whose crest value in- 
creases stepwise from the sustain voltage. 

In the second step of generating a discharge only 
in the OFF-state discharge cell, a voltage capable of 
generating a discharge whose crest value is higher than 
the sustain voltage may be applied to all the discharge 
celts. 

In this case, the voltage applied in the second step 
may be a step-wave voltage pulse whose cr st value 
increases stepwise. 



The voltage applied in the second step may be a 
voltage pulse of gently curved waveform whose crest 
value increases gradually. 

The voltage applied in the second step may be a 
5 voltage having a crest value about twice as high as that 
of the sustain voltage. 

The above-described method may further com- 
prise, after the second step, a third step of generating a 
self-erase discharge in the OFF-state discharge cell 
10 and. before the self-erase discharge finishes, applying 
a voltage for producing the wall charge to alt the dis- 
charge cells thereby to stop the self-erase discharge 
and re-produce the wall charge. 

In this case, after the voltage for producing the wall 
^5 charge is applied in the third step, the voltage may be 
graduaiily reduced. 

The method may further comprise, prior to the first 
step, applying to all the discharge ceils a voltage as high 
as the sustain voltage thereby to. generate a discharge 
20 in the ON-slale discharge cell. 

In another aspect of the present invention, there is 
provided a method for driving a plasma display panel 
provided with a screen for displaying an image, the 
screen including a plurality of discharge cells having a 
2S memory function by means of wall charge, which com- 
prises carrying out an address operation on all the dis- 
charge cells on the screen for selectively producing the 
wall charge for the memory function to write data of an 
image on the screen; and carrying out an sustain oper- 
30, alion on all the discharge cells on the screen for gener- 
ating a discharge in discharge cells in which the wall 
charge is produced so as to display the image, wherein 
the address operation comprises the steps of: carrying 
out an address preparation operation for producing the 
3S wall charge in all the discharge cells through a first step 
of generating a discharge only in a discharge cell in an 
ON-state in which a discharge is sustained on the 
screen before the writing of the data of the image so as 
to reverse the polarity of the wall charge therein and a 
^0 second step of generating a discharge only in a dis- 
charge ceil in an OFF-state in which a discharge is not 
sustained before the writing of the data of the image so 
as to produce the wall charge of the same polarity as 
that in the ON-state discharge cell; and carrying out an 
operation for selectively erasing the wall charge in a dis- 
charge cell other than a discharge cell corresponding to 
the data of the Image to be displayed. 

In this case, in the sustain operation, a first sustain 
voltage pulse may be periodically applied to all the dis- 
^0 charge cells and subsequ ently a second sustain voltage 
pulse higher than the first sustain voltage pulse may be 
applied a certain number of times before the sustaining 
of the discharge is finished. 

In th sustain operation, a sustain voltage pulse of 
55 refctangular waveform for sustaining a discharge may b 
periodically applied to all the discharge cells and sub- 
sequently a sustain voltage pulse of gently curved wave- 
form whose voltage shifts gradually at the trailing edge 
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thereof may be applied a certain number of times before 
the sustaining of the discharge is finished. 1 4. In the sus- 
tain operation, the sustain voltage may be periodically 
applied to all the discharge cells and a state in which the 
sustain voltage is applied last may be maintained until 
the first step of the address operation. 

In the sustain operation, the sustain voltage may be 
periodically applied to all the discharge cells and the 
pulse width of a certain number of sustain voltage pulses 
applied in an opening stage of the sustain operation may 
be shorter than that of other sustain voltage pulses. In 
this case, the certain number may be one, two or three. 

In the sustain operation, the sustain voltage may be 
periodically applied to all the discharge cells and the 
crest value of a certain number of sustain voltage pulses 
applied in an opening stage of the sustain operation may 
be lower than thait of other sustain voltage pulses. In this 
case the certain number may be one, two or three. 

In still another aspect of the present invention, there 
is provided a method for driving a plasma display panel 
provided with a plurality of discharge cells arranged in 
matrix each having a memory function by means of wall 
charge, so as to write data of a picture in the plasma 
display panel, which comprises: an address preparation 
stop for producing the wall charge in all discharge cells 
used for displaying a picture (all discharge cells on an 
entire screen or a part of a screen which is used for dis- 
playing a picture); and an address step for erasing the 
produced wall charge in a non-selected discharge cell 
which need not be lighted, wherein the address prepa- 
ration step comprises a first step of generating a dis- 
charge only in a discharge cell in an ON-state in which 
a discharge is sustained before the writing of data of the 
picture, so as to reverse the polarity of wall charge there- 
in and a second step of generating a discharge only in 
a discharge cell in an OFF-state in which a discharge is 
not sustained before the writing of the data of the picture, 
so as to produce wall charge of the same polarity as that 
in the ON-state discharge cell. 

In this case, the plasma display panel may comprise 
a plurality of pairs of parallel sustain electrodes covered 
with a dielectric layer which correspond to a plurality of 
display rows and a plurality of address electrodes ex- 
tending in a direction intersecting the pairs of sustain 
electrodes, the pairs of sustain electrodes and the ad- 
dress electrodes being opposedly arranged with a dis- 
charge space therebetween and defining the plurality of 
discharge cells arranged in matrix at intersections of the 
pairs of sustain electrodes and the address electrodes. 

In this case, the first step may comprise application 
to the pairs of sustain electrodes of all the discharge 
cells used for displaying the picture of a voltage higher 
than the sustain voltage. 

The voltage applied in the first step may be a step- 
wave voltage pulse whose crest value increas s step- 
wise from the sustain voltage. 

The second step may comprise application to the 
pairs of sustain electrodes off such voltages of positive 



polarity and of negative polarity that make an effective 
voltage capable of generating a discharge. 

In this case, the voltage of positive polarity may be 
a step-wave voltage pulse whose crest value increases 

5 stepwise. 

The voltage of positive polarity may be a voltage 
pulse of gently curved waveform whose crest value in- 
creases gradually. 

The second step may comprise application to one 

10 of the pair of sustain electrodes of a voltage about twice 
as high as the sustain voltage. 

The above-described method may further com- 
prise, after the second step, a third step of reducing the 
potentials of the pairs of sustain electrodes to zero to 
generate an self-erase discharge in the OFF-state dis- 
charge cell and, before the self-erase discharge finish- 
es, applying to one of the pair of sustain electrodes a 
voltage for producing the wall charge thereby to stop the 
self -erase discharge and re-produce the wall charge. 

20 In this case, after the voltage for producing the wall 
charge is applied In the third step, the voltage may be 
gradually reduced. 

In the second step, only the voltage of positive po- 
larity may be gradually reduced to zero after being ap- 

2S plied. 

In the second step, only the voltage of negative po- 
larity nr\ay be gradually reduced to zero after being ap- 
plied. 

In the second step, the voltages of positive polarity 
30 and of negative polarity may be gradually reduced to ze- 
ro alter being applied. 

In the above-described method, in the address 
step, a voltage is applied to one of the pair of sustain 
electrodes which is used as a scan electrode, the volt- 
es age having a polarity opposite to that of the wall charge 
produced in the address preparation step, thereby to 
prevent a discharge in a half -selected cell. 

FIRST EMBODIMENT 

40 

Fig. 1 a diagram illustrating the structure of a plas- 
ma display 100. 

The plasma display 1 00 includes an AC-driven PDF 
1 which is a color display device of matrix system and 
45 a drive unit 80 for selectively lighting a large number of 
cells {i.e., discharge cells) C composing a screen SC. 
The plasma display 100 can be used as a wall-mount- 
able television display or a monitor of a computer sys- 
tem. 

so The POP 1 is a three-electrode surface discharge 
PDF in which pairs of sustain electrodes X and Y are 
disposed in parallel as the first and second main elec- 
trodes and define cells as display elements at intersec- 
tions with address electrod s A as the third electrodes. 

55 The sustain electrodes X and Y extend in the direction 
of rows, i.e., in a horizontal direction, on the screen. The 
sustain electrodes Y are used as scanning electrodes 
for selecting cells row by row in addressing. The address 
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electrodes A extend in the direction of rolumns, i.e., in 
a vertical direction, on the screen and p.- a used as data 
electrodes for selecting cells column by column in the 
addressing An area where the sustain electrodes inter- 
sect the address electrodes is a display area, that is, a 
screen. 

The drive unit 80 includes a controller 81, a frame 
memory 82. a data processing circuit 83, a sub-frame 
memory 84, a power supply circuit 85, an X driver 87, a 
Y driver 88 and an address driver 89. To the drive unit 
80, frame data Df representative of luminance levels, i. 
e.. gradation levels, of individual colors R. G and B for 
each pixel is inputted from external devices such as a 
computer, a TV tuner or the like together with various 
l^inds of synchronizing signals. 

The frame data Df are stored in the frame memory 
82 and then transferred to the data processing circuit 
83. The data processing circuit 83 is a data converter 
for setting combinations of sub-frames in which cells are 
to emit light and outputs sub-frame data Dsf in accord- 
ance with the frame data Df. The sub-frame data Dsf 
are stored in the sub-frame memory 84. Each bit of the 
sub-frame data has a value representing whether or not 
a cell must emit light in a sub-frame. 

Tho X driver circuit 87 applies a driving voltage to 
the sustain electrodes X, and the Y driver circuit 88 ap- 
plies a driving voltage to the sustain electrodes Y. The 
address driver circuit 39 applies a driving voltage to the 
address electrodes A according to the sub-frame data 
Dsf. To these driver circuits, the power supply circuit 85 
supplies electric pov/er. 

Fig. 2 is a perspective view illustrating the inner con- 
struction of the POP 1 . 

In the POP 1. a pair of sustain electrodes X and Y 
is disposed on each row L which is a line of cells in the 
horizontal direction on the matrix screen, on an inside 
surface of a front glass substrate 11 . The sustain elec- 
trodes X and Y are main electrodes for performing dis- 
play and each include an electrically conductive trans- 
parent film 41 and a metal film (bus conductor) 42 and 
is covered with a dielectric layer 17 of a low-melting 
glass of 30 |im thickness. A protection film 18 of mag- 
nesia (MgO) of several thousand A thickness is formed 
on a surface of the dielectric layer 1 7. The address elec- 
trode A is disposed on abase layer 22 covering an inside 
surface of a rear glass substrate 21. The address elec- 
trode A is covered with a dielectric layer 24 of about 10 
Jim thickness. On the dielectric layer 24, ribs 29 of about 
1 50 iim height are each disposed between the address 
electrodes A. The ribs 29 are in the form of a linear band 
in a plan view. These ribs 29 partition a discharge space 
30 into sub-pixels (light-emitting units) in the row direc- 
tion and also define a spacing for the discharge space 
30. Fluor scent layers 28R, 28G and 28B of thre colors 
R. G and B for cotor display are formed to cover walls 
on a rear substrate side including surfaces above the 
address electrodes A and side walls of the ribs 29. The 
fluorescent layers are arranged in a stripe pattern such 



that cells on the same column emit light of the* same 
color and cells on adjacent columns emit light of different 
colors. 

The ribs are preferably colored dark on top portions 
5 and white in the other portions to reflect visible light well 
for improving contrast. The ribs can be colored by add- 
ing pigments of intended colors to a material glass 
paste. 

The discharge space 30 is filled with a discharge 

10 gas of neon as the main component with which xenon 
is mixed (the pressure in the panel is 500 Torr). The flu- 
orescent layers 28R, 28G and 28B are locally excited to 
emit light by ultraviolet rays irradiated by xenon when 
an electric discharge takes place. One pixel for display 

IS is composed of three sub-pixels adjacently placed in the 
row direction. The sub-pixels in each of the columns 
emit light of the same color. The structural unit of each 
sub-pixel Is a cell C (a display element). Since the ribs 
29 are arranged in a stripe pattern, portions of the dis- 

20 charge space 3 which correspond to the individual col- 
umns are vertically continuous, bridging all the rows. For 
this reason, the gap between the electrodes in adjacent 
rows (referred to as a reverse slit) is set to be sufficiently 
larger than a gap to allow a surface discharge in each 

2S of the rows (e.g.. 80 to 1 40 jim), in order to prevent cou- 
pling by an electric discharge in the coiurfin direction, 
for example, about 400 to 500 ^m. Additionally, for the 
purpose of covering whitish fluorescent layers in the re- 
verse slits, which do not emit light, light-tight films are 

30 provided on the outer or inner surface of the glass sub- 
strate 11 corresponding to the reverse slits. 

Fig. 3 is a diagram explaining an arrangement of 
electrodes of the above-described three-electrode AC 
surface discharge PDF for color display. 

35 As shown in the figure, in the three-electrode AC 
surface discharge POP, three kinds of electrodes^ i.e., 
a pair of sustain electrodes X and Yn, wherein n is a 
positive integer and which Is also referred to simply as 
sustain electrode Y. and an address electrode An. 

^0 wherein n is a positive integer and which is also referred 
to simply as address electrode A, perpendicularly inter- 
secting the sustain electrodes, are provided for each 
sub-pixel. One sustain electrode Yn and the address 
electrode A define an address discharge cell As at their 
intersection, and an sustain discharge cell Ds is defined 
between the sustain electrodes X and Y. 

Of the sustain electrodes X and Y used for sustain 
discharges, the sustain electrodes X are driven by a 
central driver connected commonly to all the sustain 

so electrodes X. The other sustain electrodes Y are used 
as scanning electrodes for writing data as well as for 
sustain discharge. The address lectrodes A are used 
only for address discharges for writing data. 

At the addressing, the address discharge is gener- 

ss ated in the address discharge cell defined by on se- 
lected scanning electrode, i.e., sustain electrode Y. and 
an address electrode A. To the address electrode A. a 
discharge current only for one cell Is applied at one time. 
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Voltage at this time is determined by combination with 
voltage applied to the scanning electrode. 

With the three-electrode AC surface discharge 
PDF. high gradation display of eight bits can be per- 
formed-by a driving method tor gradation (gray-scale) 5 
display known as an ADS (Address and Sustain period 
Separated) sub-field method. 

Fig. 4 explains the ADS sub-field method. 

As shown in the figure, for driving by this gradation 
driving method, one field Is divided into a plurality of sub- 
fields and each of the sub-fields is further divided into 
an address period and a sustain period. 

In an NTSC system usually used for TV display and 
the like, 30 frames of images are formed for a second. 
With interlacingly scanning every two rows, one frame 
Is composed of two fields. As a result, 60 fields of images 
are formed for a second. 

In the ADS sub-field method, one second is com- 
posed of 60 fields (1 field = 16.7ms). Further, one field 
is divided into eight sub-fields. SF1 to SF8, each of 
which is provided with the address period and the sus- 
tain period for carrying out the address discharge and 
the sustain discharge, respectively. The number of dis- 
charges in the display cell defined by the sustain elec- 
trodes X and Y is set such that the relative ratio of lumi- 
nance by the sustain discharge in the sub-fields is 1 ; 
2 : 4 : 8 : 16 : 32 : 64 : 128, for example. 

The voltage applied across the sustain electrode Y 
and the address electrode A in the address period and 
the voltage applied across the sustain electrodes X and 
Y in the sustain period are both voltages of rectangular 
waveform i.e. pulse voltages. The above-mentioned 
number of discharges across the sustain electrodes X 
and Y means the number of sustain pulses. 

Thus, the lighting or non-lighting in each sub-field 
is controlled according to data of display luminance so 
as to realiz'e a high gradation display having 256 levels 
of luminance by combining the eight sub-fields. 

In this gradation driving method, the sub-fields are 
each divided into the address period and the sustain pe- 
riod which are common in terms of time all over the 
screen. Since the erase address method is used here, 
the following driving is performed. 

An initialization period is provided at the beginning 
of the address period. In this initialization period, prede- 
termined wall charge is produced in all the cells com- 
posing the screen. For this purpose, the wall charge of 
cells which have been lighted in Ihe immediately pre- 
ceding sub-field (precedingly selected cells in which the 
sustain discharge has been carried out, i.e., cells in an 
ON-state) is maintained, and the wall charge is newly 
produced only in cells which have not been lighted in 
the immediately preceding sub-field (precedingly non- 
selected cells in which the sustain discharg has not 
been carried out, i.e., cells in an OFF-state). 

Then in the address period, scanning is performed 
row by row, according to display data, to generate the 
address discharge only in non-selected cells not to emit 



light for display so that the wall charge produced in the 
non-selected cells are erased. 

Then in the sustain period, the sustain pulse is ap- 
plied toaW the cells on the screen to sustain discharges 
(referred to also as sustain discharges) for display in the 
selected cells in which the wall charge has been pro- 
duced. For the sustain discharge, the same sustain 
pulse as used in the conventional write address method 
can be used except at the first sustain discharge. 

According to the above-described erase address 
method, the width of the pulse applied in the address 
period can be reduced. Thus, it is possible to drive the 
PDP with an address pulse having an extremely short 
width of 1 .5 MS per row. 

Thus, in the erase address method, the wall charge 
must be uniformly produced all over the screen at the 
beginning of each sub-field. Ideal wall charge Is thought 
to be the one that is produced above both the sustain 
electrodes X and Y by the sustain discharge. 

For this reason, in this erase address method, re- 
sidual charge in cells lighted in the preceding sub-field 
is positively utilized. That is. as described above, the 
wall charge in cells in which the sustain discharge has 
been performed in the preceding sub-field are main- 
tained as it is, and the new wall charge is produced only' 
in the precedingly non-lighted cells. 

That is, the uniform wall charge is produced in all 
the ceils composing the screen in the initialization peri- 
od, and then the address discharge is created only in 
the non-selected cells in the erase address period By 
this address discharge, the wall charge produced in the 
non-selected cells is removed. As a result, the sustain 
discharge cannot take place in the non-selected cells in 
the sustain period. 

Fig. 5 shows exemplary waveforms of voltage puls- 
es applied to the electrodes by the erase address meth- 
od. Fig. 6 shows light-emission' pulses and the timing 
thereof when the voltage pluses are applied. Fig. 7 
shows charge models when the voltage pulses are ap- 
plied. 

With reference to these figures, explained are the 
waveforms of the voltages applied to the address elec- 
trode A and the sustain electrodes X and Y in each of 
the initialization period (referred also as address prep- 
aration period), the address period and the sustain pe- 
riod (display period). 

Explanation about the precedingly selected cell and 
the precedingly non-se\ecleci cell in each stage is more 
easily understood by referring to the charge models 
showing the wall charge on the address electrode and 
the sustain electrodes X and Y in Fig. 7. 

The voltages of the applied pulses are as follows: 



Va 


: 50 to 140V, preferably 60V 


Vs 


1 150 to 190V, pr ferably 170V 


Vxw 


1 10 to 50V, preferably 15V 


Vy 


40 to 1 20V. preferably 60V 



15 



20 



25 



30 



35 



40 



45 



SO 
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(continued) 

Vyw j 1 50 to 1 90V. preferably 170V (Vxw = Vs) 
Vsc 1 0 to 80V, preferably 60V 



Initialization (Charge-producing) Period 

QApplication of a pulse for reversing charge (a pulseQ 
in the figure) 

This pulse for reversing charge (charge-reversing 
pulse) has a low voltage just enough to generate a dis- 
charge in cells selected in the preceding sub-field and 
is applied to reverse the polarity of the wall charge of 
said cells so that, when a pulse for writing discharge is 
applied later, the writing discharge is generated (new 
wall charge is produced) only in cells not selected in the 
preceding sub-field. 

The width of the charge-reversing pulse is longer 
than the width of the sustain pulse for sustain discharge 
(display discharge) so as to produce a large amount of 
wall charge. The width is within the range of 3 to 12|i s, 
preferably 8 s. The crest value of the charge-reversing 
pulse is preferably the same as or higher than that of 
the sustain pulse. 

At this stage, in order to prevent a discharge across 
the sustain electrode X and the address electrode A, a 
voltage pufse of crest value Va is applied to the address 
electrode A. The width of this voltage pulse Va is desir- 
ably the same as or higher than that of the charge-re- 
versing pulse. 

Cells selected in the preceding sub-field : since the 
charge-reversing pulse applied to the sustain elec- 
trodes X is basically the sustain pulse, only the cells 
having had the sustain discharge in the preceding 
sub-field can start a discharge. 
Cells not selected in the preceding sub-field : since 
the cells not selected In the preceding sub-field 
does not have the wall charge, the effective voltage 
in the celt is bwer than a firing voltage Vfxyl . As a 
result, the discharge cannot take place in these 
cells. 

Application of pulses for writing (pulses(2>in the 
figures) 

Pulses fon/vriting discharge (writing pulses) are ap- 
plied for generating the writing discharge In the cell not 
selected in the preceding sub-field so as to produce new 
wall charge therein. The writing pulses of positive polar- 
ity and of negative polarity are applied to the sustain 
electrode X and Y, respectively. The width of the writing 
pulses is 4 )i s or more for raising discharge probability, 
preferably within the range of 3 to 16 )i s. In this embod- 
iment, th width of the pulses is s t to 1 2 n s. Th crest 
values of the writing pulses are preferably almost the 



same as that of the sustain pulse in absolute value. 
However, so long as a potential difference between the 
sustain electrodes X and Y is about double the sustain 
pulse, the crest values may vary in a positive and a neg- 

5 ative direction. 

In order to ensure the discharge in cells having a 
low discharge probability without affecting the discharge 
intensity in normal cells, a voltage Vxw of about 10 to 
50V is additionally applied to one of the sustain elec- 

10 trodes X and Y about 1 ^ s after the building-up of the 
writing pulses. In this embodiment. 1 5V was additionally 
applied to the sustain electrode X. 

When the writing pulses are applied, the address 
electrode A is grounded to prevent a discharge across 

'5 the address electrode A and the sustain electrodes X 
and Y. 

Immediately after the application of the writing puls- 
es, the three electrodes, i.e., the sustain electrodes X 
and Y and the address electrode A. are all grounded to 
20 generate a self-erase discharge. 

The cells selected in the preceding sub-field : since 
the wall charge of the polarity opposite to the writing 
pulses are produced in these cells by the charge- 
rs reversing pulses in the preceding step, the wall volt- 
age cancels the applied voltage of the writing pulses 
and therefore the discharge does not take place. 
The cells not selected in the preceding sub-Held : 
since the effective voltage (Vs + Vyw) in these cells 
30 becomes higher than Vfxyl , the discharge starts. In 
this case, as described above, considering that nor- 
mal cells complete the discharge within 1 \x s after 
the building-up of the writing pulses. 15V is addi- 
tionally applied only to the sustain electrode X about 
35 1 |i s after the rise of the writing pulses to raise the 
applied voltage to Vxw so that ail cells can start the 
discharge. Thus, the discharge probability of cells 
which have not discharged for some reasons is 
raised without affecting the discharge intensity of 
the normal cells. In addition, the width of the pulses 
is lengthened so that the wall charge is produced In 
a targe amount and the writing discharge is ensured 
even if the discharge probability drops due to low 
temperatures or the like. 

4S 

(§) Application of a pulse for producing wall charge (a 
pulseC^in the figures) 

Before this step, the wall charge has been produced 
50 in the cells selected in the preceding sub-field by the 
charge-reversing pulses and in the cells not selected in 
th preceding sub-field by the writing pulses. As a result, 
the wall charge produced in the c lis selected in the pre- 
ceding sub-field and that produced in the cells not se- 
55 lected in the preceding sub-field are the same in polarity, 
but are different in amount (the cells not selected in the 
preceding sub-field have a larger amount of wall 
charge). 



so 
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Accordingly, this pulse for producing wall charge 
(charge forming pulse) is applied so that the cells se- 
lected in the preceding sub-field have the same amount 
of wall charge as the cells not selected in the preceding 
sub-field and thereby all the cells have a uniform amount 
of wall charge. 

In this step, within 1 .0 |i s. preferably 0.5 to 0.8 |i s. 
after the completion of the writing discharge in the pre- 
ceding step, including the time for grounding all the three 
electrodes, a voltage pulse is raised at the sustain elec- 
trode Y (scanning electrode) which is one of the sustain 
electrodes used for the erase address discharge, so as 
to stop the self-erase discharge and draw space charge 
in the discharge space to produce wall charge. Accord- 
ingly, a discharge takes place again in the cells selected 
in the preceding sub-field and the wall charge is pro- 
duced. 

The width of the charge-producing pulse is prefer- 
ably 3 ^1 s or more, particularly 4 to 12 fi s, so that the 
wall charge is certainly produced. The crest value of the 
charge-producing pulse is preferably the same as or 
higher than the crest value Vs of the sustain pulse. 

The charge-producing pulse has a gently cun/ed 
waveform in order to produce an appropriate amount of 
wall charge. More particularly the crest value is gradu- 
ally reduced from Vs to -Vy in 40 to 1 20 }a s, preferably 
in SO ^ s at the trailing edge of the voltage pulse. When 
the charge-producing pulse is applied, the address elec- 
trode A is grounded 

The cells selected in the preceding sub-field : since 
the voltage pulse of the same polarity as that of the 
wall charge in these cells is applied, a discharge 
takes place again. However in order that the wall 
charge Is also produced on the dielectric layer on 
the address electrodes A, the address electrode A 
is grounded to first generate a priming discharge 
across the sustain electrode Y and the address 
electrode A and then generate a discharge across 
the sustain electrodes Y and X. Thus, charge of 
positive polarity Is produced on the address elec- 
trode A. On the dielectric layer on the sustain elec- 
trodes X and Y. uniform wall charge is produced. 
The cell not selected in the preceding sub-field : 
The charge-producing pulse is raised about 0.8 |i s 
after the application of the writing pulse in the pre- 
ceding step. When the application of the writing 
pulse is completed and all the three electrodes are 
grounded, the wall charge produced by the writing 
discharge starts the self -erase discharge. However, 
since the charge-producing pulse is raised in such 
a timing that the self-erase discharge does not com- 
pletely finish, the self-erase discharge is forced to 
stop, and thereby a large amount of spac charge 
is left in the discharge space. This space charge Is 
drawn onto the dielectric layers on the el ctrodes 
by the charge-producing pulse, to produc wall 
charge. Thus, by the method in which the self -erase 



discharge of the large amount of wall charge pro- 
duced by the writing discharge is generated thereby 
to erase excess charge and then the wall charge is 
re-produced, the wall charge is uniformly produced 
5 above the sustain electrodes X and Y 

Erase Address Period (erase address discharge : 
removing charge from non-selected cells) 

^0 ©Application of a pulse for an erase address discharge 
(a pulse In the figures) 

The pulse for the erase address discharge (a volt- 
age pulse synthesized from an address pulse applied to 
the address electrode and an scan pulse applied to the 
scan electrode(one of the sustain electrodes used for 
scanning)) is applied to create an address discharge on- 
ly in non-selected cells to remove the stored wall charge. 
Thereby the sustain discharge does not occur later in 
20 these cells. 

Before the application of the erase pulse for the ad- 
dress discharge, the wall charge of the same polarities 
as that of the erase pulse for the address discharge is 
produced on the dielectric layer on all the sustain elec- 
ts trodes X and Y and the address electrode A. According-, 
ly. when the erase pulse for the address discharge is 
applied, the applied voltage is added to the wall voltage. 
Therefore, the voltage of the erase pulse for the address 
discharge can be reduced. Also the priming effect of the 
30 wall charge can thus be utilized, and new wall charge 
does not need to be produced. Therefore, compared 
with the write address method, pulses of reduced width 
can be used for the address discharge. 

In the erase address period, a voltage Vsc of the 
35 polarity opposite to the polarity of the build-up wall 
charge is applied to the sustain electrodes used as the 
scan electrodes. Thereby a mis-discharge is prevented 
from occurring in a half-selected cell (a discharge cell 
to which either the address pulse or the scan pulse is 
40 applied). 

Sustain Period (sustain discharge) 

©Application of a pulse for the sustain discharge (a 
45 pulse ©in the figures) 

Cells which have not had the erase address dis- 
charge have sufficient wall charge for creating the sus- 
tain discharge (display discharge). Therefore, there 

so cells can smoothly proceed to the sustain discharge. As 
the pulse for the sustain discharge (display pulse), a 
voltage pulse of crest value Vs is applied. Th width of 
the display pulse may be 1 to 12 |i s, preferably 3 ii s. 
At th application of the display pulse, space charge 

55 may sometimes fly in due to the erasing discharge or 
the like in adjacent cells. In order to compensate the 
amount of wall charge which is tost by recoupling of the 
flying-in space charge, a voltage of crest valu Vs plus 
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10 to 40V is applied for the first sustain discharge. The 
width of this first display pulse is preferably 4 to 16 ps. 

Figs. 8 and 9 illustrate alternative examples of writ- 
ing pulses. 

As for the writing pulses (the pulse(2)in the figures) 
applied In the initialization period, the voltage of about 
1 0 to 50V, preferably 1 5V, is additionally applied to one 
of the sustain electrodes X and Y about 1 li s after the 
building-up of the pulse, in the above described embod- 
iment. However, in this alternative example shown In 
Fig. 8. a gently curved waveform is adopted in order to 
reduce discharge intensity. 

If one of the writing pulses has a gently cun/ed 
waveform, a cell which easily discharges starts a dis- 
charge just at the firing voltage. Thus, the discharge in- 
tensity is reduced and this contributes to improvement 
in contrast because the intensity of light involved with 
the discharge, which has no relation with light emined 
by the display discharge, is decreased. In this embodi- 
ment, only the sustain electrode X receives a pulse of 
gently curved waveform. However, the sustain electrode 
Y or both the sustain electrodes X and Y may receive a 
pulse of gently curved waveform. 

Further, as for the writing pulses applied in the ini- 
tialization period, the voltage pulses of positive polarity 
and negative polarity are applied to the sustain elec- 
trodes X and Y, respectively, in the foregoing embodi- 
ment. However, as described above, the crest values in 
the positive and negative directions may vary so long as 
the potential difference across the sustain electrodes X 
and Y is about double the sustain pulse. For example, 
a voltage pulse of the same polarity as that of the 
charge-reversing pulse and of crest value twice as high 
as the crest value Vs of the sustain pulse may be applied 
only on the sustain electrode X, as shown in Fig. 9. 

Thus, instead of using writing pulses of positive and 
negative .polarities with complicated waveforms, the 
sustain electrode Y may be grounded and a voltage 
pulse equivalent to 2 X Vs may be applied only to the 
sustain electrode X. However, in the case where such 
a voltage pulse having a crest value of 2 X Vs is applied, 
a voltage pulse of 50 to 180V of the same polarity as 
that of the writing pulse is applied to the address elec- 
trode A in order to prevent a discharge across the sus- 
tain electrode X and the address electrode A 

Figs. 10 and 11 show timing of the writing pulses 
and the charge-producing pulse. Referring to Fig. 10. 
voltage pulses of positive polarity and negative polarity 
are applied as writing pulses. Referring to Fig. 1 1 , a volt- 
age pulse of 2 X Vs is applied as a writing pulse. 

As shown in these figures, before the charge-pro- 
ducing pulse is applied, the self -erase discharge by the 
stored wall charge is produced after the writing dis- 
charg is finished. Then, within 1 .0 |i s including a period 
for grounding all the three electrodes, i.e., th sustain 
electrodes X and Y and the address electrodes A, the 
voltage pulse is' raised at one of the sustain electrodes, 
Y. which is used for the address discharge so as to stop 



the self-erase discharge. Thereby, the space charge re- 
leased in the discharge space is drawn to the electrodes 
by the applied voltage pulse to produce the wall charge. 
Fig. 12 is a graph showing the waveforms of the 

5 charge-producing pulses applied to the discharge elec- 
trodes X and Y and the result of measurements of a light- 
emission pulse of a cell. In the figure, the applied voltage 
is plotted in ordinate with 100V scales. Time is plotted 
in abscissa with 0.5 |i s scales. 

^0 As shown in this figure, when the charge-producing 
pulses are applied to the sustain electrodes X and Y. the 
cell which has not been lighted in the preceding sub- 
field emits light by the self-erasing and charge-produc- 
ing discharge as indicated by the light-emission pulse R 

^5 Figs. 13, 14. and 15 illustrate alternative examples 
of writing pulses. 

In the above examples, as the writing pulses (the 
pulses®in the figures) applied in the above-described 
initialization period, the voltage pulses of positive polar- 

^0 ity and of negative polarity are applied to the sustain 
electrodes X and Y, respectively, then the sustain elec- 
trodes X and Y are grounded abruptly to create the self- 
erase discharge. However, it is also possible not to gen- 
erate the self-erase discharge even if the three elec- 

25 trodcs arc ail grounded after the completion of the writ* 
ing discharge. 

For this purpose, the writing voltage pulse of posi- 
tive polarity, the writing voltage pulse of negative polar- 
ity, or the both of them is/are constructed to have a gen- 

30 tly curved waveform, and the voltage pulse of positive 
polarity is gradually lowered or/and the voltage pulse of 
negative polarity is gradually raised, with reducing the 
wail charge little by little. 

Fig. 1 3 shows an example wherein the writing volt- 

35 age pulse of positive polarity has a gently cun/ed wave- 
form. Fig. 1 4 shows an example wherein the writing volt- 
age pulse of negative polarity has a gently curved wave- 
form, and Fig. 15 shows an example wherein both the 
writing voltage pulses of positive polarity and of negative 

40 polarity have gently curved waveforms. 

After such a writing pulse / such writing pulses is/ ' 
are applied, the charge-producing pulse is applied to the 
sustain electrode Y which is used as the address dis- 
charge, so as to create a discharge and produce a uni- 

45 form wall charge in all the cells. The application of the 
charge-producing pulse is timed to the grounding of the 
gently cun/ed wave pulse of positive polarity in the case 
where the voltage pulse of positive polarity has a gently 
curved waveform, to the grounding of the gently curved 

50 wave pulse of negative polarity in the case where the 
voltage pulse of negative polarity has a gently curved 
waveform, and to the grounding of the gently curved 
wave pulses of positive polarity and of negative polarity 
in th case where both the voltage pulses of positive 

55 polarity and of negative polarity have a gently curved 
waveform. 

The crest value of the charge-prcducing pulse ap- 
plied in this case may be lower than that of the sustain 
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pulse and a voltage of 1 40 to 200V is preferably applied. 
The pulse width of Ihe charge-producing pulse is pref- 
erably 3 p s or more for ensuring the production of the 
wall charge. At the application of the charge-forming 
pulse, the address electrode A is grounded, as de- 
scribed above. 

Thus by producing the unifornri wall charge in the 
whole cells in the initialization period, the voltage of the 
address pulse applied for the later erase address dis- 
charge can be reduced and further the pulse w\6th can 
also be reduced. Therefore, a high-speed, stable driving 
can be realized. 

In the above-described First Embodiment, a so- 
called three-electrode-facing POP is used which is a 
kind o\ three-electrode AC surface discharge POP 
wherein the sustain electrodes and the address elec- 
trode are formed on the front substrate and the rear sub- 
strate, respectively. However, the driving method is also 
applicable to a so-called three-electrode one-side-type 
PDP wherein the sustain electrodes and the address 
electrode are formed on either of the front substrate and 
the rear substrate. 

SECOND EMBODII^ENT 

In the display of images by the above-described 
PDP, there exists a substantial hold period between the 
end of the sustain period for a certain image and the 
initialization period for the next image in time-sequential 
display of images with regular renewal. The hold period 
inevitably occurs when gradation display is performed 
with high fidelity to inputted imaged by a binary control 
on lighting. Normally, the hold period is equally assigned 
to each sub-frame (sub-field). The sum of the total hold 
periods is about 3 to 4ms for an ordinary frame period 
of about 16.6ms. A quiescent period of about several 
ten |i s is sdmetimes required for resetting a logic circuit 
for driving in every sub -frame. 

This hold period is unpreferable in the case of the 
erase address method. The reason is that the amount 
of remaining wail charge decreases during the hold pe- 
riod, and therefore the discharge probability at the ini- 
tialization period becomes smaller than that at the sus- 
tain period. As a result, even if a voltage similar to that 
at the sustain period is applied at the initialization, a sur* 
face discharge does not always take place. Therefore, 
it is difficult to produce the wall charge uniformly in all 
the cells on the screen al the initialization. 

In order to solve this problem, the initialization may 
be carried out immediately after the sustain period and 
then the hold period may be put after the initialization. 
However, the initialization to produce a uniformly 
charged state is desirably performed immediately be- 
fore a subsequent operation to utilize the produced 
charge, unlike the initialization to form a non^charged 
state. In brief, the initialization is desirably carried out 
after the hold period. 

In this embodiment, the initialization is carried out 



after the hold period for driving the PDP using the erase 
address method. Hovyever, the wall charge does not de- 
crease, and the entire screen is uniformly charged. 
Therefore, the reliability of the initialization can be im- 
5 proved. In other words. Second Embodiment is a First 
Embodiment improved in part. 

In this embodiment, the following four methods are 
used. 

(1) Prior to the initialization (the uniforming of 
charged states), the wall charge and the sp^ce 
charge are produced by creating a surface dis- 
charge across the pair of sustain electrodes under 
the same conditions as in the sustain period, in or- 
is der to optimize the discharge probability. 

(2) The voltage applied for the initialization is set 
high so as to compensate for the decrease of 
charge during the hold period. 

(3) The wall charge is produced in an excess 
20 amount at the end of the sustain period so as to al- 
low for the decrease of charge during the hold pe- 
riod. 

(4) The decrease of charge during the hold period 
is suppressed. 

25 

Here, described again is the driving method of First 
Embodiment, which represents a basic concept of the 
present invention. First Embodiment is a method of driv- 
ing the AC surface discharge PDP provided with the first 

30' and the second main electrodes (sustain electrodes) ex- 
tending in the same direction with a surface discharge 
gap therebetween. The method repeats a first process 
and a second process every time when the content of 
display is renewed. In the first process, a discharge is 

35 created only in the previously selected cells in which 
light emission is sustained in the immediately preceding 
display so as to reverse the polarity of the wall charge 
between the first and second sustain electrodes of said 
cells. In the second process, a discharge is created only 
in the previously non-selected cells which are cells other 
than the previously selected celts so as to produce the 
wall charge of the same polarity in the previously non- 
selected cells as the polarity of the wall charge in the 
previously selected cells. Through these first and sec- 

45 ond processes, charge distribution is uniformed on the 
screen. 

In the method (1) of Second Embodiment, the sus- 
tain voltage (sustain pulse) is periodically applied across 
the first and the second sustain electrodes of all the 

so cells. Then, prior to the initialization period (the uniform- 
ing of charge distribution), the sustain voltage is applied 
to the first and the second sustain electrodes of all the 
cells so as to create a surface discharge. 

In the method (2) of Second Embodiment, a first 

ss sustain vottag is periodically applied across the first 
and second sustain electrodes of all the cells during the 
sustain period of each display, and in the above-de- 
scribed first process following the sustain period, a sec- 
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ond sustain voltage which is higher than the first sustain 
voltage is applied across the first and second sustain 
electrodes of all the cells. 

In an alternative method (2) of Second Embodi- 
ment, a step-wave voltage pulse whose crest value rises 
stepwise from the first sustain voltage is applied to the 
first or second sustain electrode of at! the cells. 

In the method (3) of Second Embodiment, during 
the sustain period of each display, a first sustain voltage 
is periodically applied across the first and second sus- 
tain electrodes of all the cells, and subsequently a sec- 
ond sustain voltage higher than the first sustain voltage 
is applied thereto a certain number of times before the 
end of the sustain period. 

In an alternative method (3) of Second Embodi- 
ment, during the sustain period of each display a rec- 
langular-wave voltage pulse for sustaining light-emis- 
sion is applied alternately to the first and second sustain 
electrodes of all the cells, and subsequently with keep- 
ing the order of application, a gently curved waveform 
voltage pulse whose value changes gradually at its trail- 
ing edge is applied thereto a certain number of times 
before the end of the sustain period. 

In the method (4) of Second Embodiment, during 
tho sustain period of each display, the sustain voltage 
is periodically applied across the first and second sus- 
tain electrodes of all the ceils, and subsequently a state 
in which the last sustain voltage is being applied is main- 
tained until the succeeding uniforming of the charge dis- 
tribution. 

The above four methods are described in detail 
along with the driving method of the First Embodiment. 

Fig. 16 is a schematic view outlining a frame struc- 
ture and a drive sequence in accordance with Second 
Embodiment. 

As described in Fist Embodiment, for reproducing 
gradation, (gray scales) by binary control of lighting In 
the display of television images using the PDR each 
frame F which is a time-sequential input image is divided 
into, for example, eight sequential sub-frames sfl, sf2, 
sf3, sf4. sf5. sfS. sf7 and sfd as conventionally divided 
(the numerals of the reference marks represent the or- 
der in which the sub-frames are displayed). In other 
words, the frame F is replaced with a set of the eight 
sub-frames sfl tosfS. In the case of reproducing images 
interlacingly scanned like television using an NTSC sys- 
tem, the frame is divided in two fields and each field is 
further divided to eight sub-fields. The numbers of light 
emissions in the sub-frames sfl to sf8 are set to provide 
weighted luminances for the sub -frames so that the rel- 
ative ratio of luminances of the sub-frames sfl to sf8 is 
1 : 2 : 4 : 8 : 16 : 32 : 64 : 128. Since 256 levels of lumi- 
nance can be set for each of the colors R, G and B by 
changing combinations of lighting or non-lighting in each 
sub-frame. Thus 256^ colors can be displayed. Th sub- 
frames sfl to sf8 need not be displayed in the order of 
the weighted luminance. The order can be optimized, 
for example, by putting the sub-frame sf8 having the 



largest weight of luminance in the middle of a period of 
the frame.. 

A sub-frame period Tsf provided for each of the sub- 
frames sfl to sfa includes an initialization period TR. an 

s address period TA and a sustain period TS. In the ini- 
tialization period TR, the initialization is carried out to 
charge the entire screen uniformly. In the address period 
TA. the addressing (the setting of a light-emitting or non- 
light-emitting state) is performed by the erase address 

10 method. In the sustain period TS. the light-emitting state 
is maintained to realize the luminance in accordance 
with intended gradation levels. There are equally pro- 
vided hold periods TH between sub-frame periods. 
Thus, the frame F corresponds to eight sub-frame peri- 

^5 ods Tsf and eight hold periods TH . Alternatively, each of 
the hold periods may be regarded as a part of the pre- 
ceding or succeeding sub-frame period Tsf, and the sub- 
frame period Tsf may be regarded as a set of four peri- 
ods (TH -> TR ^ TA ^ TS or TR TA ^ TS TH). 

20 The length of the initialization period.TR and the ad- 
dress period TA is constant in all the sub-frames inde- 
pendently of the weighted luminance of the sub-frames, 
while the length of the sustain period TS is longer for a 
sub-frame which has a larger weighted luminance. 

^5 Thus, eight sub-frames corresponding to one frame F 
differ from each other in length. 

In the initialization period TR, wall charge of prede- 
termined polarity is produced in the precedingly select- 
ed cells which have been lighted in the immediately pre- 

30 ceding sub-frame and precedingly non-selected cells 
which have not been lighted in the immediately preced- 
ing sub-frame by a first step of applying a voltage pulse 
(charge-reversing pulse) Pr of positive polarity to the 
sustain electrode X and by a second step of applying a 

35 voltage pulse (writing discharge pulse) Prx of positive 
polarity and a voltage pulse (writing discharge pulse) 
Pry of negative polarity to the sustain electrode X and 
the sustain electrode Y, respectively. That is. all the cells 
are unifomrily charges by the two-step process wherein, 

**o after the wall charge of the precedingly selected cells is 
reversed, a voltage about twice as large as the sustain 
voltage is applied to the precedingly non-selected cells 
to make them discharge. In the precedingly selected 
cells, when the voltage pulses Prx and Pry are applied, 

4S the wall charge reduces the applied voltages and there- 
fore the discharge does not take place therein. In the 
first step, the address electrode A Is biased to a positive 
potential to prevent an unnecessary discharge across 
the address electrode A and the sustain electrode X. 

so Subsequently to the second step, a voltage pulse 
Prs of positive polarity is applied to the sustain elec- 
trodes Y to generate a surface discharge in all the cells 
so as to improve the uniformity of charge. By this surface 
discharge, the charge polarity (polarity of th wall 

ss charge) is reversed. After then, the potential of the sus- 
tain electrodes Y is gradually reduced to prevent loss of 
charge. 

In the address period A, the rows are selected one 
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by one from a first row. and a scan pulse Py of negative 
polarity is applied to the sustain electrode (scan elec- 
trode) Y of the selected row. At the same time as the 
selection of the row. an address pulse Pa of positive po- 
larity is applied to an address electrode A corresponding 
to a cell which is not to be lighted this time (cell not se- 
lected for display in this sub-frame). In the eel! on the 
selected row to which cell the address pulse Pa is ap- 
plied, an opposition discharge occurs across the sustain 
electrode Y and the address electrode A to erase wall 
charge on the dielectric layer 17. When the address 
pulse Pa is applied, there exists wall charge of positive 
polarity near the sustain electrode X. This wall charge 
cancels" the address pulse Pa and therefore the dis- 
charge does not occur across the sustain electrode X 
and the address electrode A. Since this erase address- 
ing does not need the re-production of charge unlike the 
write addressing, the erase addressing is suitable for 
high-speed driving. Time required for addressing one 
row is about 1.3 )is. 

In the sustain period TS. all the address electrodes 
A are biased to a positive potential to prevent an unnec- 
essary discharge. First a sustain pulse Ps2 of positive 
polarity is applied to all the sustain electrodes X. Then 
a sustain pulse Ps Is applied alternately to the sustain 
electrodes Y and to the sustain electrodes X. 

In this embodiment, the last sustain pulse Ps is ap- 
plied to the sustain electrode Y. By the application of the 
sustain pulses Ps2 and Ps, a surface discharge takes 
place in cells whose wall charge Is retained in the ad- 
dress period (cel)s to emit light for the display of this 
time). Preferably, the sustain pulse Ps2 applied first has 
a crest value higher than the sustain pulse Ps applied 
later, in order to ensure the generation of the surface 
discharge. It is also effective for stable sustaining to 
lengthen the pulse width. That is, decrease of charge 
during the'addressing which needs time of a scanning 
cycle X the number of rows (e.g., 1 .3ii s X 1024) is taken 
into consideration. 

Fig. 17 shows exemplary voltage waveforms illus- 
trating a basis conception about initialization in accord- 
ance with Second Embodiment of the present invention, 
in this figure, the polarities of the wad voltage Vwail and 
the effective voltage Vett are based on the potential of 
the sustain electrode Y. 

At the beginning of the initialization period TR, the 
precedingly selected cells maintains the wall charge 
generated by the surtace discharge for sustaining light 
emission. The polarity thereof is positive on the sustain 
electrode X side and negative on the sustain electrode 
Y side since the last sustain pulse Ps Is applied to the 
sustain electrode Y in the sustain period. Therefore, a 
positive wall voltage Vwall is present across the sustain 
electrodes (across the main electrodes) in the preced- 
ingly selected cells. In the precedingly non-selected 
cells, on the other hand, the wall voltage Vwall Is zero 
since the wall charge has been erased in the prec ding 
addressing. 



-In this state. If a voltage pulse Pr whose crest value 
is equal to or close to the crest value of the sustain putse 
Ps is applied to the sustain electrode X. the effective 
voltage Veff in the precedingly selected cells exceeds a 

5 firing voltage Vf as shown by a solid line in the figure. 
For this reason, a surface discharge is generated in the 
precedingly selected cells to eliminate the wall charge 
and then re-produce wall charge. Thus the polarity of 
the wall charge is reversed. In the precedingly non-se- 

10 lected cells, however, the effective voltage Veff does not 
exceed the firing voltage Vf as shown by a dotted line 
in the figure and therefore the discharge does not take 
place. Thus a non-charged state is maintained. 

Subsequently, if voltage pulses Prx and Pry of dif- 

^5 ferent polarities whose crest values are set such that the 
applied voltage is about twice as targe as the sustain 
voltage (the crest value Vs of the sustain pulse Vs) are 
applied, the effective voltage Vefl of the precedingly 
non-selected cells exceeds the firing voltage Vf and 

20 generates a surface discharge. Thereby, a negative wall 
voltage Vwall is present in the precedingly non-selected 
cells like the precedingly selected cells. In the preced- 
ingly selected cells, on the other hand, the wall voltage 
Vwall lowers the applied voltage and the effective volt- 
es age Veff docs not exceed the firing voltage. Therefore, 
the charged state of the precedingly selected cells is 
maintained. To sum up, the precedingly selected cells 
and the precedingly non-selected cells are similarly 
charged. However, since the amount of charge may be 

30 a little different (usually, the charge in the precedingly 
non-selected cells are more), a voltage pulse Prs is ap- 
plied to generate the surface discharge for adjusting the 
amount of charge. 

In such initialization for charging the entire screen 

55 uniformly by utilizing the wall charge as described 
above, especially, the discharge must be surely gener- 
ated only in the precedingly selected cells in the first step 
and the wall charge must be produced In an appropriate 
amount. If the wall charge decreases during the hold pe- 

40 riod before the initialization period TR and only insuffi- 
cient wall charge remains at the beginning of the initial- 
ization, the surface discharge, if occurs, Is too weak in 
intensity to re-produce enough wall charge. In this case, 
in the second step wherein the voltage pulses Prx and 

-^s Pry Is applied, the surface discharge which must be gen- 
erated only in the precedingly non-selected cells takes 
place also In the precedingly selected cells since the ap- 
plied voltage is canceled insufficiently by the wall 
charge. The discharge in the second step makes the po- 

so larity of the wall voltage in the precedingly selected ceils 
opposite to the normal polarity (negative). In addition, If 
the discharge in the first step is a little strong, it does not 
matter. 

Therefore, the following driving methods are ap- 
55 plied for Improving the r liability of the initialization. 

Fig. 18 shows voltage waveforms in accordance 
with Example 1 of Second Embodiment of the present 
invention. 
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When th hold period TH finishes, at least one sus- 
tain pulse Ps whose crest value is the same as the sus- 
tain voltage Vs for sustaining light-ennission is applied 
prior to the application of the voltage pulse Pr. The elec- 
trode to which this sustain pulse Ps is applied is chosen 
so that the remaining wall charge can be utilized for a 
discharge. In this example, since the sustain pulse Ps 
is positive and the last sustain pulse in the preceding 
sustain period TS is applied to the sustain electrode Y, 
the sustain pulse Ps is first applied to the sustain elec- 
trode X, and then applied to the sustain electrode Y so 
that the polarity of the charge fits to the voltage pulse Pr. 

In the exannpte shown in Fig. 18, a pair of sustain 
pulses Ps is applied, and the surface discharge by the 
voltage pulses Pr is the third discharge after the hold 
period TH. The wall charge becomes more stable 
through repeated surface discharges. The charge which 
decreases during the hold period TH recovers the level 
at the end of the last sustain period through these two 
preliminary surface discharges. Thus, even if the wall 
charge is somewhat insufficient at the end of the hold 
period TH. a proper surface discharge can be generated 
by the application of the voltage pulse Pr so that the in- 
itialization can surely be completed. 

Fig. 19 shows voltage waveforms in accordance 
with Example 2 of Second Embodiment. 

In the first step of the initialization, a positive voltage 
pulse Pr2 having a crest value of Vs2 is applied in place 
of the voltage pulse Pr The crest value Vs2 is 5 to 40 
volts higher than the crest value Vs of the sustain pulse 
Ps and tower than the firing voltage Vf (Vs < Vs2 < Vf). 
In other words, the voltage applied in the first step is a 
sustain voltage higher than normal. Thus, even if the 
wall charge is somewhat insufficient at the end of the 
hold period TH. a proper surface discharge can be gen- 
erated so that the initialization can surely be completed. 
For raising the discharge probability, the pulse width 
may be lengthened instead of heightening the crest val- 
ue. 

Fig. 20 shows voltage waveforms in accordance 
with a modified Example 2 of Second Embodiment. 

In the first step of the initialization, a step-wave volt- 
age pulse Pr3.is applied. The crest value of the step- 
wave voltage pulse Pr3 shifts stepwise from the normal 
sustain pulse Vs to the higher sustain pulse Vs2. In cells 
of the precedingly selected cells which have a relatively 
high discharge probability, a proper surface discharge 
takes place when the crest value of Pr3 is still low. Since 
the effective voltage Veff declines once the discharge 
occurs, the discharge does not occur again when the 
crest value of Pr3 becomes higher. In cells of the pre- 
cedingly selected cells which have a relatively low dis- 
charge probability, on the other hand, the surface dis- 
charg takes place when the crest value of Pr3 becomes 
high. Though the surface discharge starts later, the dis- 
charge Intensity is high because the appli d voltage is 
high, and the wall charge is reproduced to the same de- 
gree as in the cells in which the discharge starts earlier 



Thus, even if the amount of remaining wall charge in 
cells varies, a proper surface discharge can be gener- * 
ated in all the precedingly selected cells so that the ini- 
tialization can surely be performed 

Fig. 21 shows voltage waveforms in accordance 
with Example 3 of Second Embodiment. 

A gently cun/ed voltage pulse Ps3 whose voltage 
gradually changes at its trailing edge is applied as the 
pulse applied last in the sustain period TS or such a volt- 
age pulse Ps3 is applied repeatedly as a plurality of puls- 
es including the pulse applied last in the sustain period 
TS. The crest value of the gently cun/ed voltage pulse 
Ps3 is equal to or higher than that of the normal sustain 
voltage Vs and preferably has a pulse width longer than 
that of the normal sustain voltage Vs. The discharge be- 
connes stronger by a pulse with a higher crest value and 
time for electrostatic attraction is prolonged by a pulse 
with a longer pulse width. Therefore, more wall charge 
is produced at the end of the sustain period. Here, the 
gradual shift of the voltage at its trailing edge controls 
the neutralization of the wait charge and the space 
charge compared with a brisk change at the trailing 
edge. When the bias potential of the sustain electrode 
Y becomes zero, there remains a lot of wall charge. 
Thus even if the wall charge decreases during the hold 
period TH: a proper amount of wall charge remains at 
the beginning of the initialization, and thus the initializa- 
tion can surely be performed. 

Fig. 22 shows voltage waveforms in accordance 
with Example 4 of Second Embodiment. 

After the sustain voltage Vs is applied to generate 
the last surface discharge in the sustain period TS. the 
sustain voltage Vs is kept applied until the initialization 
period TR. In other words, a sustain pulse Ps4 having 
such a long pulse width as include the hold period TH 
is applied last in the sustain period TS. The neutraliza- 
tion of charge in the hold period TH is suppressed there- 
by and an appropriate amount of charge remains at the 
beginning of the initialization. Thus the initialization can 
surely be performed. 

In the above-described Second Embodiment, in or- 
der to reduce the deterbration of the fluorescent layers 
due to the address discharge, the address pulse Pa is 
first set to be positive, and then the polarities of the other 
pulses are set to be fit for the positive address pulse Pa. 
In order to simplify the drive circuit, the sustain pulse 
only of positive polarity is applied alternately to the pair 
of the sustain electrodes . The present invention, how- 
ever, is not lirhited thereto. That is, the polarities of the 
applied voltages can be varied. As for the voltage pulses 
Prx and Pry in the second step of the initialization, the 
setting of the crest values is optional, but it is advanta- 
geous for circuit construction to equipotentially oppose 
the voltage pulses Prx and Pry like a combination of Vs 
and -Vs as shown in the examples. 
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THIRD EMBODtMENT 

In the above-described First and Second Embodi- 
ments, however even though the wall charge in the cells 
which need not emit light is normally erased, there are 
cases where space charge produced by the discharge 
for erasure remains excessively In such cases, when 
the sustain pulse is applied, the priming effect of the 
space charge cause a discharge in the cells which need 
not emit light (mis-lighting). As a result, the wall charge 
is re-produced. 

In this embodiment, described is a driving method 
for the PDP which allows prevention of such mis-lighting 
and realization of high-quality display free of flicker In 
brief, Third Embodiment is partially improved First and 
Second Embodiments. 

In this embodiment, the discharge probability is low- 
ered at the beginning of the sustain period within such 
a range that failure in lighting does not occur, compared 
with thai in the succeeding stages of the sustain period. 
Thereby, the discharge does not happen in non -select- 
ed cells which does not have a proper amount of wall 
charge, and if it happens, the discharge is weak and the 
wall charge is not produced again. 

In order to lower the discharge probability, the pulse 
width of a certain number of voltage pulses which are 
applied at the beginning of the sustain period may be 
shorter than the width of the other sustain voltage puls- 
es, or the crest value of a certain number of voltage pu Is- 
es which are applied at the beginning of the sustain pe- 
riod may be lower than the crest value of the other sus- 
tain pulses. This certain number is preferably 1 , 2 or 3. 

Fig. 23 illustrates a field construction and a drive 
sequence in accordance with Third Embodiment of the 
present invention. 

In this embodiment, operations in the initialization 
period and the address period are substantially the 
same as those of the above-described First and Second 
Embodiments. Therefore, described here is only an im- 
proved operation in the sustain period. 

In this embodiment, the pulse width w1 of the first 
to third sustain pulses Ps1 which are applied at the be- 
ginning of sustain period TS is shorter than the pulse 
width w of other fourth and later sustain pulses Ps. 
Thereby, in the non-selected cells which are not to emit 
light in the current sustain period, a discharge hardly oc- 
curs and. if it does, the wall charge is not produced be- 
cause the voltage is applied only for a short lime. In the 
selected cells which are to emit light in the current sus- 
tain period, on the other hand, the surface discharge is 
generated because there exist an appropriate amount 
of wall charge at the end of the erase addressing. The 
pulse width w1 may be chosen so that the wall charge 
remains in an amount sufficient for sustaining the light 
emission in the selected cells. 

Fig. 24A and 24B show driving voltage waveforms 
during the sustain period TS in accordance with another 
example of Third Embodiment. 



In this example, the crest value Vs' of a certain 
number of sustain pulses Ps2 at the beginning of the 
sustain period Ts is lower than the crest value Vs of the 
following sustain pulses Ps in order to prevent mis-light- 
5 ing of the cells to be off. A practical difference between 
the crest values Vs* and Vs is within the range of about 
5 to 20V 

In the example shown in Fig. 24A, the crest value 
only of the first sustain pulse Ps2 which is applied to the 

10 sustain electrode X is low. In the example shown in Fig. 
24B. the crest value of the first to third sustain pulses 
Ps2 is lower than that of the other sustain pulses. The 
more sustain pulses have a lower crest value, the more 
certainly the mis-lighting can be prevented, but the less 

IS advantageous for ensuring the luminance of the select- 
ed cells. In sub-tlelds whose weight of luminance Is 
small, the mis-lighting affects little, but the decline in the 
luminance is easily noticed. Therefore, for example, on- 
ly the first sustain pulse may have a lower crest- value 

20 in a sub-field having a small weight of luminance, and 
the first to fifth sustain pluses may have a lower crest 
value in a sub-field having a large weight of luminance. 
In such a manner, the number of applications of the sus- 
tain pulses Ps2 may be selected for every sub-field, Al- 

25 tcrnativcly the number of applications of the sustain 
pulses Ps2 may be the same through all the sub-fields. 
Such selection about the number of applications is also 
applicable in the case of the above-mentioned shorter 
pulse width. 

30 In the above-described Third Embodiment, in order 
to reduce the deterioration of the fluorescent layers due 
to the address discharge, the address pulse Pa is first 
set to be positive, and then the polarity of the other puls- 
es is set to be fit for the positive address pulse Pa. In 

35 order to simplify the drive circuit, the sustain pulse only 
of positive polarity is applied altemately to the pair of 
sustain electrodes. The present invention, however is 
not limited thereto. That is, the polarities of .the applied 
voltages can be changed. 

40 As described above. 

a high-speed, stable driving can be realized. 
Thereby a plasma display panel of high display quality 
which is highly reliable and consumes less electric pow- 
er can be obtained. 

45 Further the initialization tor uniformly charging the 
entire screen can be performed with improved reliability. 

Still further the mis-lighting In the sustain period can 
be prevented and thereby display of high quality without 
flickers can be realized. 

so 

Claims 

1 . A method for driving a plasma display panel provid- 
55 ed with a screen for displaying an image, the screen 
including a plurality of discharge cells having a 
memory function by means of wall charge, which 
comprises carrying out an erase address operation 
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according to data of an image to be displayed when 
a display on the screen is renewed, 

wherein the erase address operation compris- 
es the steps of: 

carrying out an address preparation operation 
for producing the wall charge in all the dis- 
charge cells through a first step of generating, 
a discharge only in a discharge ceil in an ON- 
state in which a discharge is sustained on the 
screen before the renewal, so as to reverse the 
polarity of wail charge therein, and a second 
step of generating a discharge only in a dis- 
charge cell In an OFF-state which is other than 
the ON-state discharge cell, so as to produce 
wall charge of the same polarity as that in the 
ON-staie discharge cell: and 
carrying out an operation for selectively erasing 
the wall charge in a discharge cell other than a 
discharge cell corresponding to the data of the 
image to be displayed. 

2. The method according to Claim 1 . wherein the first 
step comprises application to ail the discharge ceils 
of a voltage higher than a sustain voltage for sus- 
taining a discharge. 

3. The method according to claim 2, wherein the volt- 
age applied in the first step is a step-wave voltage 
pulse whose crest value increases stepwise from 
the sustain voltage. 

4. The method according to claim 1 . wherein the sec- 
ond step comprises application to all the discharge 
cells of a voltage capable of generating a discharge 
whose crest value is higher than a sustain voltage 
for sustaining a discharge. 

5. The method according to claim 4, wherein the volt- 
age applied in the second step is a step-wave volt- 
age pulse whose crest value increases stepwise. 

6. The method according to claim 4, wherein the volt- 
age applied in the second step is a voltage pulse of 
gently curved waveform whose crest value increas- 
es gradually. 

7. The method according to claim 4. wherein the volt- 
age applied in the second step is a voltage having 
a crest value about twice as high as that of the sus- 
tain voltage. 

8. The method according to any preceding claim com- 
prising, after th s cond step, a third St pofg ner- 
ating a self-erase discharge in the OFF-state dis- 
charge cell and, before the self-erase discharge fin- 
ishes, applying a voltage for producing the wall 
charge to all the discharge cells thereby to stop the 



self-erase discharge and re-produce the* wall 
charge. 

9. The method according to claim 8. wherein, after the 
5 voltage for producing the wall charge is applied in 

the third step, the voltage is gradually reduced. 

10. The method according to any preceding claim com- 
prising, prior to the first step, applying to all the dis- 

10 charge cells a voltage as high as a sustain voltage 
for sustaining a discharge thereby to generate a dis- 
charge in the ON-state discharge cell. 

11. A method for driving a plasma display panel provid- 
es ed with a screen for displaying an image, the screen 

including a plurality of discharge cells having a 
memory function by means of wall charge, which 
comprises carrying out an address operation on all 
the discharge cells on the screen for selectively pro- 
20 ducing the wall charge for the memory function to 
write data of an image on the screen; and 

carrying out an sustain operation on all the dis- 
charge cells on the screen for generating a dis- 
charge in discharge cells in which the wall 
charge is produced so as to display the image, 
wherein the address operation comprises the 
steps of: 

carrying out an address preparation operation 
30 for producing the wall charge in all the dis- 

charge cells through a first step of generating 
a discharge only in a discharge cell In an ON- 
state in which a discharge is sustained on the 
screen before the writing of the data of the im- 
55 age so as to reverse the polarity of the wall 

charge therein and a second step of generating 
a discharge only in a discharge cell in an OFF- 
state in which a discharge is not sustained be- 
fore the writing of the data of the image so as 
^ to produce the wall charge of the same polarity 

as that In the ON-state discharge cell; and 
carrying out an operation for selectively erasing 
the wall charge in a discharge cell other than a 
discharge cell corresponding to the data of the 
^ image to be displayed. 

12. The method according to claim 1 1 , wherein, in the 
sustain operation, a first sustain voltage pulse is pe- 
riodically applied to alt the discharge cells and sub- 
so sequently a second sustain voltage pulse higher 

than the first sustain voltage pulse is applied a cer- 
tain number of times before the sustaining of the 
discharge is finished. 

ss 13. The m thod according to claim 11, wherein, in the 
sustain operation, a sustain voltage pulse of rectan- 
gular waveform for sustaining a discharge is peri- 
odically applied to all the discharge cells and sub- 
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sequently a sustain voltage pulse of gently curved 
waveform whose voltage shifts gradually at the trail- 
ing edge thereof is applied a certain number.of 
tirDes before the sustaining of the discharge is fin- 
ished. 

14. The nnethod according to claim 11, wherein, in the 
sustain operation, a sustain voltage for sustaining 
a discharge is periodically applied to all the dis- 
charge cells and a state in which the sustain voltage 
Is applied last is maintained until the first step of the 
address operation. 

15. The method according to claim 11, wherein, in the 
sustain operation, a sustain voltage for sustaining 
a discharge is periodicaMy applied to all the dis- 
charge cells and the pulse width of a certain number 
of sustain voltage pulses applied in an opening 
stage of the sustain operation is shorter than that of 
other sustain voltage pulses. 

16. The method according to claim 11, wherein, in the 
sustain operation, a sustain voltage for sustaining 
a discharge is periodically applied to all the dis- 
charge cells and the crest value of a certain number 

^ of sustain voltage pulses applied in an opening 
stage of the sustain operation is lower than that of 
other sustain voltage pulses. 

17. The method according to claim 1 5, wherein the cer- 
tain number is one. two or three, 

18. The method according to claim 1 6, wherein the cer- 
tain number is one, two or three. 

1 9. A method for driving a plasma display panel provid* 
ed with'a plurality of discharge cells arranged in ma- 
trix each having a memory function by means of wall 
charge, so as to write data of a picture In the plasma 
display panel, which comprises: 

an address preparation step tor producing the 
wall charge in all discharge cells used for dis- 
playing a picture; and 

an address step for erasing the produced wall 
charge In a non-selected discharge cell which 
need not be lighted, 

wherein the address preparation step compris- 
es a first step of generating a discharge only in 
a discharge cell in an ON-state in which a dis- 
charge is sustained before the writing of data 
of the picture, so as to reverse the polarity of 
wall charge therein, and a second step of gen- 
erating a discharge only in a discharge cell in 
an OFF-state in which a discharge is not sus- 
tained before the writing of the data of the pic- 
ture, so as to produce wall charge of the same 
polarity as that in the ON-state discharge eel). 



20. The method according to claim 19. wherein the 
plasma display panel comprises a plurality of pairs 
of parallel sustain electrodes covered with a dielec- 
tric layer which correspond to a plurality of display 

s rows and a plurality of address electrodes extend- 
ing in a direction intersecting the pairs of sustain 
electrodes, the pairs of sustain electrodes and the 
address electrodes being opposedly arranged with 
a discharge space therebetween and defining the 

fo plurality of discharge cells arranged in matrix at in- 
tersections of the pairs of sustain electrodes and the 
address electrodes. 

21 . The method according to Claim 20, wherein the first 
step comprises application to the pairs of sustain 
electrodes of all the discharge cells used for dis- 
playing the picture of a voltage higherthan a sustain 
voltage for sustaining a discharge. 

20 22. The method according to claim 21 , wherein the volt- 
age applied in the first step is a step-wave voltage 
pulse whose crest value increases stepwise from 
the sustain voltage. 

25 23. The method according to claim 20, wherein the sec- 
ond step comprises application to the pairs of sus- 
tain electrodes of such voltages of positive polarity 
and of negative polarity that make an effective volt- 
age capable of generating a discharge. 

30 

24. The method according to claim 23. wherein the volt- 
age of positive polarity is a step-wave voltage pulse 
whose crest value increases stepwise. 

3S 25. The method according to claim 23, wherein the volt- 
age ol positive polarity is a voltage pulse of gently 
curved waveform whose crest value increases 
gradually. 

40 26. The method according to any of claims 20 to 25, 
wherein the second step comprises application to 
one of the pair of sustain electrodes of a voltage 
about twice as high as the sustain voltage. 

27, The method according to any of claims 20 to 26 
comprising, after the second step, a third step of re- 
ducing the potentials of the pairs of sustain elec- 
trodes to zero to generaie an self-erase discharge 
in the OFF-state discharge cell and, before the self- 
50 erase discharge finishes, applying to one of the pair 
of sustain electrodes a voltage for producing the 
wall charge thereby to stop the self-erase discharge 
and re-pro6ucG the wall charge. 

55 28. The method according to claim 27, wherein, after 
the voltage for producing the wall charge is applied 
in the third step, the voltage is gradually reduced. 
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29. The method according to claim 23. wherein, in the 
second step, only the voltage of positive polarity is 
gradually reduced to zero after being applied. 

30. The method according to claim 23. wherein, in the s 
second step, only the voltage of negative polarity Is 
gradually reduced to zero after being applied. 

31. The method according to claim 23, wherein, in the 
second step, the voltages of positive polarity and of io 
negative polarity are gradually reduced to zero after 
being applied. 

32. The method according to any of claims 20 to 31 , 
wherein, in the address step, a voltage is applied to 
one of the pair of sustain electrodes which is used 
as a scan electrode, the voltage having a polarity 
opposite to that of the wall charge produced tn the 
address preparation step, thereby to prevent a dis- 
charge in a half-selecled cell. 

33. A method of driving a PDP employing the erase ad- 
dress method, the method including producing uni- 
form wall charge in all cells before the address dis- 
charge by optimizing the production of charge. 2S 

34. A method according to claim 33 in combination with 
a method according to any one of claims 1 to 32. 

35. A plasma display panel adapted to be driven by a 30 
method according to any one of the preceding 
claims. 
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FIG. 10 
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FIG. 16 
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FIG. 17 
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FIG. 23 
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FIG. 24A 
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